Abstract-The aim of the present study was to examine the effect of BPA (50mg/kgBW/day for 20 and 30 days exposure period) on the movement of duodenum in rat model. It was observed that BPA significantly depresses the amplitude and frequency of duodenal movements in test animals of both exposure groups. Besides, the activity of acetylcholinesterase (AChE) of duodenal tissue homogenate was also increased significantly in test animals. From the results it is suggested that BPA inhibits the movement of duodenum presumably by inducing the activity of AChE in smooth muscle membrane. We also found significant facilitation in nitric oxide synthase (NOS) expression and increase in deposition of calcium salts in Von Kossa's stained duodenal smooth muscle tissue section in test animals. From the results we may suggest that BPA may inhibit the duodenal movement by facilitating the synthesis of nitric oxide (NO) and decreasing the availability of free Ca 2+ in duodenal smooth muscle cells. In order to study the BPA induced oxidative stress in duodenal smooth muscle, we have measured the oxidative stress indices in duodenal tissue homogenate. We found that BPA significantly decreases the activity of antioxidant enzymes. Thus, we may conclude that BPA inhibits the motor function of duodenal smooth muscle presumably by inducing oxidative stress, decreasing the availability of free Ca 2+ , inducing the activity of AChE and promoting the synthesis of NO in duodenal smooth muscle cells.
INTRODUCTION
Bisphenol A (BPA) is an organic compound, rapidly used in the plastic industry. It is used commercially to produce polycarbonate plastics to make water and baby bottles, impactresistant safety equipments, medical devices etc. and epoxy resins to make inner coating of the cans used to store food items and drinks (soft and heavy) [1] [2] [3] [4] [5] . It has been studied that humans are exposed to the BPA as a result of the consumption of BPA-tainted foods, water and drinks. Some dental sealants and composites may also play as important sources of BPA for human exposure [1, 6, 7] . The possible health hazards of BPA have been studied in some animal models as well as in humans.
It has been reported that BPA alters the function of coronary smooth muscle by activating Maxi-K (KCa.1.1) channels [8] . Besides, the studies of Pant J and associates have revealed that BPA causes depression of the atrial contractility in rat through NO-dependent guanylyl cyclase signaling pathway [9] . But the effect of BPA on the movement of intestine has not been reported before this study.
However, from the toxicological profile of BPA, it has been suggested that BPA induces oxidative stress. Previous studies demonstrated that BPA induces oxidative damages in the brain in male rats by generating reactive oxygen species (ROS) [10] [11] [12] . Chitra et al., 2003 have reported that BPA damages the epididymal cell in rats by causing oxidative damage [13] . Bindhumol et al., 2003 have shown that BPA reduces the activities of some antioxidant enzymes in liver mitochondria of rats [14] . But the effect of BPA on oxidative stress related variables in intestinal smooth muscle has not been studied till to date.
Therefore, the aim of the present study was to examine the effect of BPA on the motor function of intestine.
II. MATERIALS AND METHODS

A. Reagents and chemicals
All the common chemicals used for this study were of analytical grade. Bisphenol a (BPA ≥99%), acetylethiocholine iodide, reduced glutathione, DTNB, NADPH.Na4, TCA, K2Cr2O7, Tris, pyrogallol, NaCL, KCl, MgCl2, CaCl2, NaHCO3, dextrose etc.were procured from SRL and EMerck, India.
B. Animal used for this study
Studies were carried out on 3-4 months old White Albino rats of the Sprague Dawley Strain weighing about 110-150 gm. Animals were maintained in Animal House as per recommendations of the Kalyani University Animal Ethics Committee. The animals were sacrificed by cervical dislocation on the 24 th hr. after the completion of the last treatment. 
C. Experimental design
D. Recording of intsetinal movement
For study of intestinal motility the rats were sacrificed by cervical dislocation after overnight fasting conditions; the abdomen was immediately opened and the duodenal segments (3cm each) were removed by transverse incision and were used for recording of intestinal motility according to our standard laboratory protocol. After removing the duodenal segments it was placed in Tyrode's solution. Then the duodenal part was placed longitudinally in 40ml organ bath containing Tyrode's solution and continuously bubbled with 95 % O2 and 5% CO2, and temperature was maintained within a range of 37ºC ± 0.5. Therefore, continuous recording of duodenal movement was achieved with isotonic transducer (IT-2245) coupled to RMS-Polyrite-D (RMS, Chandigarh, India) [15] . Sandell, 1986 [20] .
E. Biochemical assays
G. Statistical analysis
The data were expressed as mean± SEM of the value of each experimental group. Statistical comparisons were carried out by using Student's t-test. p≤0.05 was considered statistically significant.
III. RESULTS AND DISCUSSION
A. Effect of BPA on duodenal movement in vitro of BPA treated rats It has been observed that the mean amplitude of duodenal movement was decreased significantly in 20 days treatment duration and mean frequency was decreased significantly in 30 days treatment duration compared to vehicle control groups ( Fig.1 and Table1) .
Therefore, from the results, it is hypothesized that BPA depresses the duodenal motor function presumably by inhibiting the release of facilitatory neurotransmitters (NTs) (like ACh) or by inducing the inhibitory NTs (like norepinephrine, epinephrine, nitric oxide etc.) from the efferents of local Myenteric plexus innervating the duodenum. This finding supports our previous findings [15] . (Table 2) .
From the results it is suggested that the BPA induced inhibition of intestinal motor function might be due to the partial facilitation of ACh decay at the local synapse on to the duodenal smooth muscle in Myenteric plexus which support our previous findings [15] . Table 2 ).
The decrease in activities of SOD and CAT signifies the generation of peroxy radicals O2 in duodenal smooth muscle cells which leads to oxidative stress. SOD is an important defense enzyme which catalyzes the dismutation of superoxide radicals to H2O2 thereby reducing the activity of superoxide anions [21] . These superoxide anions also react with the NO to form peroxynitrite which leads to oxidative damages into the cells [22] . H2O2 is successively metabolized into water and non-reactive oxygen species by the activation of CAT (Mates et al., 1999) . CAT decomposes the H2O2 into harmless products such as water and molecular oxygen [23] . H2O2 also produces the toxicity into the cells due to its formation of reactive hydroxyl radical. From these results, the inhibition of CAT activity may leads to the depression of conversion of H2O2 to H2O and molecular O2, thus in turn produces the oxidative stress into duodenal smooth muscle cells.
D. Calcium salts deposits in duodenal smooth muscle layers
in BPA treated rats It has been observed that the deposition of calcium salts in submucosal and muscularis layers of Von Kossa's stained duodenal transverse sections were increased in duration dependent manner compared to vehicle control group of rats (Fig. 2) .
From the results, it is suggested that the BPA induced deposition of calcium salts in the smooth muscle layers may be due to the facilitation of Ca 2+ in the matrix of the smooth muscle with some Ca 2+ binding protein like calmodulin, calsequestrin etc. As a result of the formation of Ca 2+ chelate, the availability of the free Ca 2+ to initiate excitationcontraction coupling is inhibited and thus, the muscle undergoes to relaxation instead of contraction which supports our earlier reports [15] . E. NOS expression on duodenal smooth muscle layers of BPA treated rats It has been observed that the expression of NOS enzyme in muscularis layers of NADPH-diaphorase stained duodenal transverse sections were increased in an exposure duration dependent manner (Fig. 3) . From the results it is suggested that BPA may facilitate the synthesis of nitric oxide (NO) in Myenteric neurons presumably by inducing the synthesis of NOS which further leads to the inhibition of duodenal movement.
IV. CONCLUSION
It is concluded that the motor activity of duodenal smooth muscle is depressed by BPA presumably through the excitation of NO, released from Myenteric efferents on to the smooth muscle; shortening of the activity of the ACh as a result of the facilitation of the activity of AChE at ACh efferent-smooth muscle junction; reduction of the availability of free Ca 2+ ; and promotion of the oxidative stress in smooth muscle cells. 
